The study examined the relationship between functional limitation due to chronic diseases and absenteeism among full-time workers. The studied chronic diseases include: arthritis/ rheumatism, cancer, diabetes, heart disease, hypertension, lung disease, and stroke.
INTRODUCTION
The working population and their employers have become increasingly aware of the cost associated with chronic diseases. Chronic diseases accounted for 75% to 86% of the overall health care costs in the United States, 1,2 with total healthcare spending reaching approximately $2.6 trillion in 2010. 3 Besides the rising healthcare costs, employers are concerned due to the loss of productivity from employee absenteeism and presenteeism. On the other hand, employees are primarily concerned due to the loss of income. 4 Lost income can come in many ways for employees, ranging from early retirement to unpaid days off from work due to illnesses. Schofield et al. assessed that chronic diseases caused approximately $18 billion Australian dollars in 2009 in lost income among Australians aged 45-64 years old. 5 Prior studies have quantified productivity loss due to absenteeism in the workplace for a variety of chronic diseases. Using the 2001-2003 National Comorbidity Survey Replication (NCS-R) data, Merikangas et al. (2007) estimated that Americans took approximately 3.6 billion days off annually from work due to health-related illnesses. 6 The Milken Institute used the 2003 reported cases of chronic diseases to calculate that absenteeism accounted for $127 billion in loss economic input. 7, 8 However, not everyone with chronic diseases have limitations that impede their daily activity. Functional limitation caused by chronic disease varies due to the type of chronic disease, severity of the chronic disease, age and gender of the individual, and also the number of comorbid conditions incurred. [9] [10] [11] [12] [13] According to the Lewin Group's analysis of the 2006 Medical Expenditure Panel Survey (MEPS), 24 million people under the age of 65 years old had a chronic disease causing functional limitation. 14 Few studies have been conducted looking at the economic impact of functional limitation due to chronic diseases on the working population using national data. 14, 15 Many functional limitation studies have instead focused on the elderly population instead of the working population. 12, [16] [17] [18] As the incidence of chronic disease in the United States has increased in the past couple of decades, 19, 20 it is important to use current data to understand the economic impact of absenteeism due to functional limitation caused by chronic diseases. The study results might provide economic incentives for employers to establish and promote workplace wellness programs as well as chronic disease intervention programs, such as the Stanford Chronic Disease Self-Management Program (CDSMP). 21 Modest reduction in unhealthy behaviors could prevent or delay the onset of chronic disease as well as functional limitation effects due to chronic disease. The Stanford CDSMP has demonstrated that it consistently and significantly helps individuals to better manage their chronic diseases. 22, 23 As individuals are responsible for their health, these self-management interventions will allow individuals to have information and provide skills that are critical in providing a longterm success in managing their chronic diseases.
This study focuses on seven physical chronic diseases categorized in the National Health Interview Survey (NHIS): arthritis/rheumatism, cancer, diabetes, heart disease, hypertension, lung disease, and stroke. These seven conditions were selected because these are either the most common physical chronic diseases (cancer, diabetes, heart disease, hypertension, lung disease, and stroke) or the most common cause of disability (arthritis/ rheumatism) in the US adults. 1, 7 The study uses NHIS data to assess association between absenteeism and the status of functional limitation attributed one of the seven studied chronic diseases. With an increase in individuals with multiple chronic diseases, 24 we also assess whether there is an association between absenteeism and the number of studied chronic diseases that cause an individual's functional limitation. The study also determines the economic impact of absenteeism for those with limitations caused by one of the studied conditions.
METHODS

Data Sources
The study uses the 2011-2013 NHIS data generated through the Integrated Health Interview Series project (https://www.ihis.us/ihis/) at the Minnesota Population Center of the University of Minnesota. 25 The NHIS is a cross-sectional in-person household survey administered since 1957 by the Centers for Disease Control and Prevention National Center for Health Statistics (NCHS) to collect information regarding the health status of the civilian non-institutionalized US population. 26 The University of Arkansas for Medical Sciences (UAMS) Institutional Review Board (IRB) has reviewed and determined that this study is exempt from the IRB approval process.
The NHIS gathers demographic and health data on each family member for each household selected for participation. In addition, one adult is randomly selected from each family to participate in the Sample Adult core in which additional questions are asked. Individuals selected respond for themselves to these additional questions unless physically or mentally unable to do so, in which a proxy is allowed to respond for the sample adult. This study used data from individuals selected to participate in the Sample Adult core. The NHIS considers an adult to be an individual who is at least the age of majority as dictated by state laws. 27 The age of majority for most states is 18 years old; however the age of majority in Alabama and Nebraska is 19 years old, and in Mississippi is 21 years old. Other methodological details regarding the NHIS can be found elsewhere. [28] [29] [30] [31] The 2011-2013 Sample Adult core portion of the NHIS had an adult sample size of 102,096 individuals. The conditional response rate for the Sample Adult core portion was 81.6% for 2011, 79.7% for 2012, and 81.7% for 2013; the final response rate for the Sample Adult core portion was 66.3% for 2011 and 61.2% for 2012 and 2013. [28] [29] [30] The conditional rate does not take into account for nonresponse in the family section. It is calculated by dividing the number of completed sample adult interviews by the total number of eligible adults. The final response rate (also called the unconditional response rate) takes account for family nonresponse and is calculated by multiplying the conditional rate by the final family response rate.
Absenteeism and Full-Time Worker Status
The objective of this study is to examine absenteeism due to functional limitations caused by seven common chronic diseases. Absenteeism was determined based on an individual's response to a question regarding how many workdays were lost due to illness in the past year. Individuals were also asked about their work and employment status during the NHIS interview. Full-time status was determined based on four questions regarding their work history: (1) three questions were asked regarding how many hours an individual worked or usually worked at all jobs in a week, and (2) one question regarding how many months in the previous year did that individual have at least one job. To be classified as full-time in the study, an individual must have worked at least 35 hours in a week and worked for 12 months in the year prior to the NHIS survey. The reason for someone having to work for 12 months in order for full-time status is that the NHIS' absenteeism question was asked for the time period of the previous "year." To ensure all individuals included in the study sample had equal opportunity to "miss" work in the previous year as well as the answers of absenteeism question can be meaningfully compared among all study subjects, we restricted that subjects in the study sample had to work for 12 months in order for full-time status.
Analytic Sample
To be included in the analytic sample, participants had to be 18 through 64 years old age at the time of the survey (n = 80,080). In addition, individuals age 18 through 64 years old who did not work full-time were not included in the analytic sample (n = 40,675). Also, individuals who did not respond or their response were not ascertained to questions regarding functional limitation (n = 41) or questions regarding lost workdays due to illness (n = 148) were also excluded from the sample. Fourteen individuals did not answer both questions. This resulted in an analytic sample of 39,230 individuals for the study.
Functional Limitations Due to Chronic Diseases
In the NHIS Sample Adult core portion, participants were asked if they have had any difficulties in performing certain activities. Those who indicated any difficulty were considered to be functionally limited. The activities that were asked to each individuals included: (1) walking a quarter of a mile without special equipment, (2) walking up ten steps without resting, (3) standing for two hours, (4) sitting for two hours, (5) stooping, bending, or kneeling, (6) reaching above the head, (7) grasping or handling small objects, (8) lifting or carrying items as heavy as ten pounds, (9) pushing or pulling an object, (10) going out to shop, to the movies, or similar events, (11) participating in social events, or (12) participating in activities for leisure, such as reading, watching TV, and listening to music.
Individuals who responded to have functional limitation were then asked a follow-up question to determine if certain health conditions caused their limitation. For each identified health condition that had caused the interviewee's functional limitation, follow-up questions were asked to determine if it is either chronic or non-chronic condition. The seven chronic conditions of interest for the study includes arthritis/rheumatism, cancer, diabetes, heart disease, hypertension, lung disease, and stroke. These seven diseases were selected because these are either the most common physical chronic diseases or the most common cause of disability in the US adults. 1, 7 The number of chronic diseases attributed to an individual's functional limitation was grouped into three classifications in this study: none of the seven studied chronic diseases attributed to functional limitation, one of the seven studied chronic diseases attributed to functional limitation, and two or more of the seven studied chronic diseases attributed to functional limitation.
Data Analysis
All statistical data analyses for this study were generated using SAS ® software (SAS Institute Inc., Cary, NC), Version 9.3 of the SAS System for Windows. The NHIS data were collected using a stratified, multistage, cluster sampling design, oversampling for minorities (blacks, Hispanics, and Asians). Analyses were weighted for the probability of selection and accounted for the complex sample design of NHIS. 32 The PROC SURVEYREG was used for linear regression, which assessed any significant association between functional limitation attributed to a chronic disease and the number of lost workdays. Seven models were run for each of the studied chronic diseases of interest. In addition, regression models were used to determine association between the number of studied chronic diseases that caused functional limitation and lost workdays. A p-value of < 0.05 is considered statistically significant for the study.
The total number of excess workdays lost per year due to a specific chronic disease that attributed to an individual's functional limitation was calculated by the following formula, (1) where EWD is the number of excess workdays lost per year; is the mean workday lost of individuals with limitation caused by a specific studied chronic disease; is the mean workday lost for individuals without limitation caused by that specific chronic disease; and n 1 is the weighted frequency for individuals with limitations caused by that specific chronic disease.
In addition, the total number of excess workdays lost per year for the total number of studied chronic diseases that attributed to an individual's functional limitation was calculated for the same three year period, (2) where is the mean workday lost for individuals with total x-number of studied chronic diseases that caused functional limitation; is the mean workday lost for individuals with no functional limitation caused by any of the studied chronic diseases; and n 3 is the weighted frequency of individuals with total x-number of studied chronic diseases that caused an individual's limitation.
Economic impact was then determined through income lost per year. The average income by those with functional limitation due to each specific chronic diseases were calculated from the person's total earnings during the previous calendar year, as well as the average income by the number of chronic conditions causing functional limitation. The person's total earnings from the previous year was top-coded at the 95th percentile for each NHIS year, with the top five percent of values set at the top-coded value. 33 The top-coded income value was $115,000 for 2011 and $120,000 for both 2012 and 2013. The economic impact for both specific chronic disease causing an individual's functional limitation and the number of chronic diseases causing an individual's functional limitation was calculated by multiplying the number of excess workdays lost per year by the income information divided by the typical number of workdays. The typical number of workdays in a year was estimated based on an 8-hour workday, working 260 days in a year. 
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RESULTS
Out of the 39,230 full-time workers in the analytic sample, 6,055 individuals indicated that they had a functional limitation due to chronic diseases. Forty-two percent (n = 2,563) of them had functional limitation caused by one of the seven chronic diseases of interest in the study.
Our study showed that there was a significant association between workdays lost and functional limitation attributed to chronic disease for all seven conditions. Table 1 displays the frequency, mean workdays lost, and p-values for each of the seven chronic diseases of interest in the study. The average workdays lost per year is approximately three days for individuals without functional limitation attributed to the seven chronic diseases of interest. Among those with limitations due to one of the seven chronic diseases of interest, individuals with limitations due to arthritis/rheumatism had the lowest average number of workdays lost at 6.65 days; however, arthritis/rheumatism was also the most prevalent chronic disease causing functional limitation. The next two lowest average numbers of workdays lost were chronic lung disease and chronic diabetes at 9.84 days and 10.43 days, respectively. Cancer accounted for the highest average number of workday loss of the seven studied conditions at 37.32 days.
In addition, analysis was done for the total number of studied chronic diseases attributed to functional limitation on workdays lost as displayed in Table 2 . The majority of individuals with functional limitation caused by one of the seven studied chronic diseases attributed their limitation to only one chronic disease. The mean number of workdays lost increases as the number of studied conditions that caused an individual's limitation increase.
The number of excess workdays lost per year and the economic impact are displayed in Table 3 . There were a total of 6.2 million full-time employees suffering functional limitations attributed to one of the seven studied chronic diseases. Arthritis/rheumatism accounts for an additional 19,411,385 workdays lost per year, or $3.54 billion per year. Although only 1.8% of individuals with functional limitation attributed to cancer, it was the second highest in number of excess workday lost and lost income based on 2013 averages. In 2011-2013, the seven chronic diseases accounted for 28.2 million workdays lost per year, totaling $4.95 billion dollars in lost income per year.
DISCUSSION
There have been various studies looking at chronic disease and absenteeism; [34] [35] [36] however, there are few studies looking at the relationship between individuals with functional limitation attributed to chronic disease and absenteeism. Our study examined the relationship between functional limitation due to chronic diseases and absenteeism among full-time workers. We detailed that functional limitation attributed to one of the seven studied chronic diseases caused significant absenteeism and that providing mechanisms to help workers to better self-manage their chronic diseases could be an avenue for employers to focus on when coming up with ways to reduce lost productivity.
Those previous studies have shown an increase in absenteeism in those with chronic diseases. In our study, we observed a significant increase in workdays lost in those with functional limitation due to chronic diseases, with approximately 6.2 million full-time employees in the civilian US population who suffer from at least one studied functional limitation chronic disease. The largest contributor to the number of workdays lost is the 5.1 million full-time employees who had functional limitation due to arthritis/rheumatism. They account for approximately 68.7% of the total excess workdays lost and income lost among all full-time workers suffering functional limitation attributed to one of seven studied chronic diseases. The next largest contributor is those with functional limitation attributed to cancer, accounting for approximately 13.8% of the total excess workdays lost. We also found that those with functional limitation attributed to multiple studied comorbid chronic diseases had a 2.5-fold increase in the number of workdays lost from those with functional limitation attributed to only one studied chronic disease. Compared with those without any functional limitation attributed to one of the seven studied condition, it represents a 5.9-fold increase in absenteeism.
The total amount that arthritis/rheumatism related functional limitation attributes to absenteeism was expected because it is the most common cause of disability in the US adults. 1 Chronic diabetes and hypertension are highly prevalent diseases that can cause disability, and they frequently occur together. 37 Chronic heart and lung diseases have also been shown to increase the risk for disability. 38, 39 Stroke and cancer are less prevalent compared to the other five chronic conditions; however, the severity of these two chronic diseases produces much higher number of absenteeism days per person. A study in New Zealand found that stroke victims who are in the workforce, approximately half return to full-time status within a few months of their stroke. 40 For cancer, a study found that half of individuals with cancer-related disability stopped working altogether. 41 In addition, the after effects of cancer treatment can linger after the end of treatment with a significant amount of survivors reporting fatigue symptoms. 42 Due to the huge contribution of these seven studied chronic conditions have on absenteeism, the study would suggest that preventing functional limitation due to these chronic diseases and improving the quality of life for people with one or more of these seven chronic conditions is vital in reducing absenteeism. One avenue in which employers can partake in reducing absenteeism includes implementing or partnering with local agencies that offer some type of intervention/prevention programs, such as the Stanford CDSMP, 43 to empower individuals with chronic diseases so that they can be responsible for their health and manage their condition. The Stanford CDSMP is a low-cost evidence-based program that has been shown to improve the quality of life for individuals with chronic diseases and reduce hospitalization. 43 There have been studies on health-promotion programs at worksites on productivity, but no published studies have been completed regarding the impact of these programs on employment. [44] [45] [46] It will thus be interesting to see the impact of these interventions has on work productivity and absenteeism on those with functional limiting chronic diseases.
There are several limitations that are important to keep in mind while interpreting the results of the study. The first limitation is due to the cross-sectional nature of the NHIS. The design of the NHIS does not allow one to draw a causal relationship. Second, the NHIS required individuals to self-respond retrospectively to questions regarding work status and absenteeism, and in some cases it was proxy-reported. This could affect the accuracy of the data due to recall bias. Social desirability can also bias respondents to underreport limitations and chronic diseases. 47, 48 Third, due to limitations from the 2011-2013 NHIS questionnaire, we were unable to distinguish those with chronic disease but without functional limitation from those without any chronic diseases at all. Last, the NHIS data does not allow us to study productivity losses due to presenteeism.
Our study found that full-time workers with functional limitation due to chronic diseases often miss significantly more workdays than those without limitations. This information provides the incentives needed for employers to offer mechanism to help workers better selfmanage their chronic diseases. The interventions, such as Stanford's CDSMP, have been extensively demonstrated as cost-effectiveness in elderly population but not yet tested at workplaces. As employers are becoming increasingly aware of the rising costs of chronic diseases, studies on effectives of these interventions in reducing absenteeism at workplaces are needed. In addition, there is substantial evidence that self-management of chronic disease can help reduce the financial burden of the overall health care system, as well as increasing work productivity in employees with chronic diseases. Studies of these selfmanagement programs on functional limiting chronic diseases at workplaces will thus be useful for not only employers, but also for health-care professionals and policymakers.
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